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Work in many laboratories throughout the world has shown the broad range of physiological processes involv- 
ing proteolytic processes. Symposia in Cold Spring Harbor (1975) Miami (1976) Buffalo (1977), Bethesda 
(1978) Dubrovnik (1979), Mosbach (1979) and PortoroS (1980) have dealt with aspects of this field of research. 
During the last 10 years, a series of more specialised symposia devoted to the process of intracellular protein 
catabolism (ICP) have taken place. The forerunner of this series was a symposium ‘Tissue Proteinases’, organised 
in 1971 by Barrett and Dingle in Cambridge. Then the proteolysis group at the Martin Luther University in Halle 
(GDR) organised the first Symposium ‘Intracellular Protein Catabolism’ in 1973, which took place at an ideal 
conference location in an old castle, Schlofi Reinhardsbrunn, in the Thuringian Forest. In 1975 the second Sym- 
posium was held by the proteolysis group in Ljubljana, and in 1977 and 1981 the third and fourth symposia took 
place again at Reinhardsbrunn Castle. 
The fourth symposium, sponsored by IUB (Symposium no. 102), was held in memoriarn Horst Hanson 
(1911-1978), who was head of the Biochemistry Department in Halle and the promotor of these symposia, the 
first and.third of which were organized under his direction. During the symposium many participants commented 
on the profound influence that Horst Hanson had exerted in this field of research. 
The presentations at the symposium took the form 
of 60 lectures and 50 posters, arranged in the sessions: 
(1) turnover; (2) regulation; (3) selectivity; (4) pro- 
teinases; (5) inhibitors; (6) autophagy/heterophagy. 
With respect to turnover, attention focussed on 
two questions, namely the primary events of proteo- 
lytic degradation in cells and the unravelling of the 
different pathways in cells. The importance for glob- 
ular protein degradation of surface hydrophobicity, 
isoelectric point, subunit size and low Mr substances 
(substrates, effecters) has already been the subject of 
much discussion. Now N. Pace (College Station, Texas) 
presented data showing a reasonably good agreement 
between the thermal denaturation curve of some pro- 
teins and their t ,,,-values measured in vivo. The con- 
formational stability AGH,” of a larger group of pro- 
teins is rather low: under physiological conditions the 
native globular conformation is only from 5-l 5 kcal/ 
mol more stable than unfolded conformations, thus 
making very easily possible transitions into altered 
conformations with increased degradability. The 
papers of E. A. Khairallah (Storrs) and of J. S. Bond 
(Richmond) contained interesting evidence on the 
state of sulfhydryl groups in proteins as another, long 
since suspected regulatory signal for degradation. 
Khairallah found increased concentrations of protein- 
glutathione disulfides in rat liver at those periods of 
the diurnal cycle that are characterized by enhanced 
proteolysis. The formation of these mixed disulfides, 
dependent on the nutritionally influenced ratio of 
reduced to oxidized glutathione, is seen as the initial 
event of intracellular protein catabolism. 
This concept is fully supported by the results with 
aldolase degradation shown by J. Bond. GSSG and 
cystine reversibly inactivate isolated aldolase, and 
only after this pretreatment a variety of lysosomal 
and non-lysosomal proteolytic enzymes degrades the 
subunits to low Mr peptides. Without prior incubation 
in the presence of cystine, the same proteinases inac- 
tivate the aldolase by only very limited proteolysis. 
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R. J. Mayer (Nottingham) stressed that at least for 
some groups of proteins subcellular location is one 
important factor regulating their degradation. 
W. Reutter (West-Berlin) as well as H. Baumann 
(Buffalo), investigating membrane glycoprotein degra- 
dation, found that generally the polypeptide moieties 
are metabolically more stable than the carbohydrate 
structures. 
Another line of research was provided by H. Holzer 
(Freiburg), who showed that in yeast cells the inacti- 
vation of a small group of carbohydrate metabolizing 
enzymes after addition of glucose is triggered by 
‘metabolic interconversion’, that means phosphoryla- 
tion of one serine residue of fructose 1 ,h-bisphospha- 
tase, which renders the enzyme more susceptible to 
proteolytic degradation. 
P. Bohley (Halle) described the influence of diet 
on the surface hydrophobicity of rat liver cytosolpro- 
teins, which has been found diminished in protein-free 
fed rats compared to normal or protein-rich fed ani- 
mals. This is the first hint that also under in vivo con- 
ditions surface hydrophobicity can serve as a signal 
regulating protein degradation. 
The influence of thyroid hormones (0. Simon, 
Berlin) and diabetes (P. Garlick, London) on protein 
turnover in animals has been studied. J. S. Amenta 
(Pittsburgh) put forward the interesting hypothesis 
that with respect to protein degradation cells in cul- 
ture exist in two subpopulations. Cells in the prolifer- 
ative Go state, which are proliferating but show no 
protein turnover, randomly enter a degradative state 
D, where they rapidly turn over a large fraction of the 
cytoplasmic protein, and then reenter a nondegrad- 
ing state. In senescent fibroblast cultures the subpop- 
ulations are assumed to be (i) cells in the degradative 
state and (ii) cells which have lost the proliferative 
and turnover cycles, thus cellular senescence is revealed 
as the inability of the cell at random intervals to 
renew its cytoplasmic mass via the operation of a 
degradative cycle. B. Wiederanders (Halle) contributed 
the observation of reduced rate of liver cytosol pro- 
tein turnover in very old rats. The inhibition of intra- 
cellular protein catabolism by insulin and growth fac- 
tors from serum and colostrum in cell cultures was 
reported by F. J. Ballard (Adelaide), the response 
being specific, rapid and additive only at suboptimal 
concentrations. The inhibitory action of the growth 
factors on protein degradation was not paralleled by 
impaired protein synthesis, so they may have a more 
general anabolic effect. Transformed cells are typi- 
162 
tally more sensitive than non-transformed cells, and 
the effectiveness of growth factors in human fibro- 
blasts is diminished with senescence. 
A. C. St. John (Piscataway) examined the relative 
stabilities of soluble and membrane proteins in Esche- 
richia coli. In contrast to mammalian cells, no correla- 
tions between the isoelectric points or Mr-values of 
Bscherichia coli proteins and their degradative rates 
has been found. The envelope fraction of Escherichia 
coli does contain endogenous proteolytic activity that 
depends upon the growth rate of the cells and prob- 
ably regulates the levels of labile membrane proteins. 
J. Chaloupka (Prague) found in work with Bacillus 
megaterium that probably the regulation of protein 
turnover is through the size of the pool of proteins 
with fast turnover, which is controlled by the con~po- 
sition of the rnediunl and the temperature. 
Already in 1977, at the third symposium, the first 
indications of a dual pathway of intracellular protein 
catabolism were apparent - a lysosomal and a non- 
lysosomal one: these arose from observations of J. S. 
Amenta and F. J. Ballard. Especially engaged in this 
field was B. Poole, whose unexpected and sudden 
death only a few days before the symposium cast a 
sad shadow over the meeting. 
The work of P. Seglen’s group in Oslo now firmly 
established the existence of these different degradative 
routes and, mainly by use of different inhibitors, a 
total of five modes of endogenous protein degradation 
in cultured hepatocytes may now be considered (see 
table 1). Rat hepatocytes, cultured in an amino acid- 
rich medium, degrade the more stable proteins with 
Table 1 
Degradation of hepatocyte endogenous proteins ~ modes and 
control (according to I’. Seglen, modified) 
_ 
Cellular Inhibition or control by Preferred 
location protein 
of pathway substrates 
Lysosomal Amines 
dqradation Amino acid-sensitive Stable 
_ (autophagy) 
1 Leucine 
2 Asparagine 
3 Amino acid-resistant Labile 
(lysophagy) 
Nonlysosomal 
degradation 
4 Energydependent Labile 
(chymostatin sensitive) 
5 Energy-independent Labile 
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rates of -1%/h, but in an amino acid-free medium 
(step-down condition) the degradation increases to 
-4%/h. Lysosomotropic amines (propylamine, NHa) 
completely inhibit this increase, indicating that it 
represents a specific activation of the autophagic/lyso- 
somal pathway. The ‘basal’ degradation in presence of 
amino acids is unaffected by amines and is therefore 
considered to be non-lysosomal. The increase of 
degradation under step-down conditions is much less 
pronounced when the degradation of short-lived pro- 
teins is measured, indicating that the autophagic/lyso- 
somal pathway has a preference for the more stable 
proteins. Amino acids seem to exert their inhibitory 
effect by inhibiting the formation of autophagosomes 
(which has been similarly observed by Khairallah after 
meal feeding), and individual ammo acids tested act in 
a 2-fold manner, leading to the postulate of a leucine- 
controlled and an asparagine-controlled lysosomal 
pathway. Obviously, a lot of additional experimenta- 
tion is necessary to elucidate the physiological signifi- 
cance of these intricate controls. The detection of the 
selective inhibition of autophagy as part of the lyso- 
somal pathway by 6substituted purines in these 
studies perhaps provides another tool for further clar- 
ification of these processes. 
With respect to autophagy, the most important 
result, presented by J. Ahlberg from HansGlaumann’s 
group (Huddinge), seemed to be the electron micro- 
scopic observation of internalization of membranes, 
Percoll particles and isotopically labelled proteins 
into lysosomes in vitro. 
Also of great interest were the results of F. Baccino 
(Torino), who found correlations between reduced 
protein degradation rates (after cycloheximide or par- 
tial hepatectomy) and reduced lysosomal proteinase 
activities, which was compatible with a role for the 
latter in the regdation of cell protein catabolism. 
There are several candidates for the non-lysosomal 
degradation pathway, which were touched on during 
the symposium. According to Seglen (see above) 
anoxia inhibits -50% of the non-lysosomal degrada- 
tion, and for this part the ATP-dependent proteolysis 
is the most probable candidate. Papers by Etlinger 
(New York), A. L. Goldberg (Boston), A. R. Hipkiss 
(London) and S. M. Rapoport (Berlin) dealt with vari- 
ous aspects of this proteinase system, which seems to 
be one of the important newer additions to our knowl- 
edge on the cell’s proteolytic equipment. Its wide- 
spread occurrence in bacteria, reticulocytes and muscle 
and the disappearance of its activity during reticulo- 
cyte maturation as well as its preference for abnormal 
or puromycin-peptides have become fairly generally 
accepted. The role of ubiquitin in this pathway [cf. 
Ciechanover et al. (1981) Proc. Natl. Acad. Sci. USA 
78,761] however was questioned at least by Goldberg 
in demonstrating in E. coli and in reticulocytes the 
presence of ATP-dependent, ubiquitin-independent 
serine proteinases (in E. coli coded for by the lon 
gene). Rapoport postulated a specific role for the 
ATP-dependent protetiase in reticulocytes for the 
degradation of their mitochondria during the matura- 
tion process, which should be triggered by the action 
of a cell-specific lipoxygenase on mitochondrial phos- 
pholipids. 
Proteolysis in mitochondria (S. Grisolia, Valencia; 
P. C. Heinrich, Freiburg; M. C. Duque-Magalhaes, 
Oeiras; S. Kalnov, Moscow) was dealt with mainly 
under the proteases and substrates involved. Proteo- 
lysis in muscle tissue, reflecting and influencing pro- 
tein turnover of the whole body, was treated by D. J. 
Millward (London), whereas biochemistry and physi- 
ology of muscle proteinases were the topic of lectures 
by B. Dahlmann (Dtisseldorf), E.-G. Afting (Gottingen) 
J. Kay (Cardiff) (with emphasis on the lysosomal/non- 
lysosomal pathways) and posters by R. Grammaltvedt 
(Tromso) and V. V. A. M. Schreurs (Wageningen). 
Histochemical determination of lysosomal protein- 
ases in muscle cells was reported by W. T. Stauber 
(Morgantown), and the exploitation of cultures of 
striated muscle cells for elucidating the role of lysoso- 
ma1 cathepsins in muscle cell differentiation has been 
presented by J. W. C. Bird (Piscataway). 
Requirement of a plasminogen activator and a col- 
lagenase for invasion of endothelial cells during neo- 
vascularization has been discovered by D. B. Rifkin 
(New York), who showed that tissues that are resis- 
tant to neovascularization (cartilage) contain inhibi- 
tors of these two proteinases. The model described 
may be valid also for tumor invasion. 
About one-third of all communications at the sym- 
posium fell in the field of proteolytic enzymes and 
proteinase inhibitors. One of the outstanding results 
concerns cathepsin D, the longest known member of 
the family of lysosomal cathepsins. V. Turk et al. 
(Ljubljana) reported on striking similarities between 
cathepsin D and pepsin with regard to activation from 
an inactive precursor (Mr 50 000) by means of acidic 
pH, resulting in an inhibitory peptide and the 
42 000-M, single chain cathepsin D (Dl). The latter is 
autocatalytically transformed into two multiple forms 
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(D2 ,D3), containing a mixture of polypeptide chains tase and cathepsin G and thus being promising thera- 
of 42 000,28 000 and 14 000 Mr and this transforma- peutics for reducing inflammatory response mediated 
tion is inhibited by pepstatin. These results are at vari- by proteinases. An unusual inhibition mechanism has 
ance with those of Huang et al. [J. Biol. Chem. (1979) been detected with an inhibitor from Hirudo medici- 
254,405] but the Ljubljana group are convinced that nalis, that is cleaved during complex formation with 
they are correct. the proteinase, releasing a peptide fragment. 
Other lysosomal cysteine proteinases (cathepsins B, 
H,L,S) found attention with respect to further charac- 
terization or new preparation schemes (N. Katunuma, 
Tokushima; I. Kregar, Ljubljana). The specificity of 
cathepsin L with insulin, glucagon and a methylcoum- 
arin substrate was further elucidated (H. Kirschke, 
Halle; H.-J. Kargel, Berlin; S. Riemann, Halle). 
In testing various analogues of pepstatin, M. Gunn 
(College Station, Texas) found out that tight binding 
of pepstatin to aspartic proteinases requires the 
unusual amino acid statin to have a bulky hydropho- 
bic side chain and S configuration at both chiral 
centers. 
The participation of macrophage cathepsins in 
extracellular as well as intracellular breakdown of col- 
lagenous structures was reported by D. J. Etherington 
(Langford). R. J. Beynon et al. (Liverpool) reported 
on the purification of a new metalloendopeptidase 
called meprin from mouse kidney and A. J. Kenny 
(Leeds) communicated new data about the neutral 
endopeptidase in the rat kidney microvillar membrane. 
B. D. Korant (Wilmington) provided new results 
concerning the sophisticated interaction of virally 
coded and host cell proteinases during virus replica- 
tion. In this study the inactivation of the ribosomal 
serine proteinase, cathepsin R (J. Langner, Halle), 
shortly after poliovirus infection of HeLa cells has 
been shown. 
New data characterizing the bacterial proteinase 
from Thermoactinomyces vulgaris, thermitase, were 
given in 7 posters and one lecture (R. Kleine, S. Fittkau 
and co-workers, Halle). 
E. Shaw (New York) reported on the inhibition of 
cathepsin B by different peptidyl chloromethyl 
ketones, as well as peptidyl derivatives of cystamine. 
Study of the inhibition of various cysteine protein- 
ases by different inhibitors (diazomethyl ketones, 
E-64 and related epoxides) allowed A. J. Barrett 
(Cambridge) to elucidate the mode of blocking of the 
inhibitors in the active site of the proteinases and on 
this basis to propose a grouping of the proteinases, 
that seems to show also evolutionary relationships. 
Ph. M. Starkey (Cambridge) in investigations of the 
evolution of human cY,-macroglobulin in a number of 
vertebrate species, found ol,M present in mammals, 
aves, reptilia and amphibia as protein of-725 OOOM,; 
in all species of fish the functionally homologous pro- 
tein, however, is only half the size of human o,M. 
H. Fritz (Mtinchen) presented data about proteinase 
inhibitor miniproteins active against leukocyte elas- 
T. Aoyagi (Tokyo) showed newer enzyme inhibi- 
tors from the apparently inexhaustible reservoir of 
culture filtrates of microbes, with action not only 
against proteinases, but also esterases, phosphatases 
and aminopeptidases. There is an ever growing appli- 
cation for these inhibitors in research on inflamma- 
tion, the immune response, cell proliferation and 
fusion, tumorigenesis, virus infection, hormone pro- 
duction and so forth. Kominami (Tokushima) reported 
on the presence of a thiol proteinase inhibitor in rat 
liver cytosol (M, 11 000), and M. Kopitar (Ljubljana) 
reported further characterization of proteinase inhibi- 
tors from leucocytes and spleen. A. Koj (Krakow) 
described the interaction of horse plasma antithrom- 
bin III and ol,-antiproteinase with serine proteinases. 
R. J. Beynon (Liverpool) reported on the inactivation 
of Streptomyces-derived proteinase inhibitors (leu- 
peptin and chymostatin) by mouse liver homogenates, 
the degrading activity being Dip-F- and Pms-F- sensi- 
tive and maximal at neutral or slightly alkaline pH 
values. In view of the rather wide use of these sub- 
stances for the elucidation of proteinase functions 
in vivo and in vitro, one should note the finding that 
a single mouse liver could inactivate -25 ng leupeptin/ 
h and -30 ng chymostatin/h (pH 7.5 and 37”(Z), and 
the whole body capacity is suggested to be several 
times higher. 
Work with autophagylheterophagy was presented 
under the following aspects. H. Glaumann (Huddinge) 
reported the isolation of autophagosomes in high 
purity on PercoLl gradients and their capacity in 
degrading membranes, lipids and proteins as well as 
in vitro uptake of proteins into lysosomes by micro- 
autophagy. U. Pfeifer (Wtirzburg) quantified the auto- 
phagic vacuole volume under different conditions and 
found a correlation between this and the actual rates 
of protein degradation determined biochemically. 
N. N. Aronson (University Park, Pennsylvania) studied 
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the effect of leupeptin on autophagy in perfused rat 
liver and found that in addition to inhibiting the 
degradation of asialofetuin and asialo-oroso-mucoid 
the physical properties and morphology of hepatocyte 
lysosomes were greatly changed, lysosomes becoming 
larger and more dense than normal. Electron micros- 
copy showed hepatocytes taking on the appearance 
of extreme autophagy, containing many large auto- 
phagic structures which appeared to be filled with 
only partially degraded mitochondria, and autoradiog- 
raphy showed these organelles to be filled with 
“‘1-labelled asialofetuin. 
J. M. W. Bouma (Groningen) gave a careful review 
of plasma protein catabolism. A. Brouwer (Rijswijk) 
studied the effect of phagocytosis of latex particles or 
opsonized sheep erythrocytes on lysosomal enzyme 
activities in rat liver Kupffer cells, coming to the con- 
clusion that the phagocytic load does not involve a 
straightforward induction of lysosomal enzyme syn- 
thesis. J. N. Limet (Brussels) dealt with transportation 
of immunoglobulin A through liver cells into bile, 
studied using hepatocyte culture. Endocytosis of pro- 
teins by rat yolk sacs and macrophages was investi- 
gated by T. Kooistra and K. E. Williams (Keele), and 
T. Korolenko (Novosibirsk) studied the uptake and 
degradation of labelled proteins and particles in lyso- 
somes under the influence of lysosomotropic drugs. 
R. T. Dean (Uxbridge) measured protein uptake 
and degradation in fibroblast and macrophage cultures 
as a function of membrane fluidity (low/high tempera- 
ture incubation) with results that support the assump- 
tion of a preferred degradation of long-lived proteins 
in lysosomes, but short-lived proteins being degraded 
elsewhere in the cells. 
The papers presented at the fourth symposium on 
Intracellular Protein Catabolism will be published in 
Acta biologica et medica germanica vol. 40 (198 1). 
During the meeting, on Monday, 25 May 198 1, the 
foundation of a European Committee on Proteolysis 
(ECOP) was announced, that will be directed by Vito 
Turk (Ljubljana) and J. Kay* (Cardiff), and on the fol- 
lowing day Ed Khairallah came up with the formation 
of ACOP, the American counterpart. These groups 
should be able to ensure the continuation of this series 
of symposia. 
* Address for correspondence: Department of Biochemistry, 
University College, PO Box 78, Cardiff CFl lXL, Wales 
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